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1 

(0%7 -7 4 jiff y^r^T'fcot, 

£ t— OO^f ■ 77>f id? 

fair 2ft^^A/t*^t, 

tit, 3fe***dsrai»^^-fe y ho^**^ 

5. 

[11*5 2] BE^^xaJfcSflSX H90kmffc 

r> > 

G b /&<Os<— • ft^lM^ix.t^5 C <b £ 20 

77^^i^5:^Wi:t5, fl»#5 3«E 

[ffl[*S5] -8(^^^*0877^ — <D&ftmfc 
y^f^iSt* 1 . 5ps/nm~k m^Ttfe^r 

[»*S6] g77^^"M'>7 h^tlfc77^ 

<Dii*D/fiiJI»£«;i-0^r bteWfot-fZ. 
(OTDR) K!S:;B£*l6'>< £ fc — ^<o^M<D^\^ 

[11*51 0] X H-oO^fi. • 77^f^- 
6. H*5 4lBtt^->^7 L Ao 

[»*5 ill Rtyh AS, »— OfiiS^filt;: 4 ^-y 
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[IB*5l 2] ^^fASft^ 1 5 5 0 nm-C*> 
[Iit*ill3] g^rA^\ IZO^^tASS?: 

[»**! i 4 ] AgtSdS 1 3 1 0 n mXfo 

k&Wmt-tZ. »*5 1 IS«ccoi/^^ a c 
[»*5l5l ^^/HSi^ft^X £ fcHEL ^ 
+-*/uSe*o#)H<o*-c8C<fci-6 «t 5 Sty hco^ 

il 1 ffi«T0V>;*^ A 0 
[I**ill6] y^fi^&f T'l. ops/nm^k 

/<-(Dt^>< £ t 4 ^^^/^T*C0[^B#f5il^^^. 

Lt-'X ^ fc 2 . 5 G b/©>0^— • f t^KD tfy h 
*5 1 6 SEtt^^feo 

x t *>-&mt-rz>±o j-x ftWi-7 7 ^< 

-^)tTMy^-y-7'$ii6-(i:^r«i:t^, If* 
ill 7IE«t^^&o 
[fflt*5l 9] |^^^>-col^7T-<^^-^^OttSflO 

[0 0 0 1 ] 

[»w<z>jRi-6SEW#in *$§gjm. (w 

DM) (7))t77 *f'< — iHf Cit^o 
[ 0 0 0 2 ] 

<OPb1RSS:»*?#*^ 2. 5Gt> h^rV v^A- • t* jy 

(EDFA) fi. 1 2 nmOilKffKHiK^ *ifiO 
«iiS-CO#«*fi 2 5 nm*-C*t*0LT^«p 1 n 
T^WDMf -t^/u^ili, tt^^6i:7y/^>- 

1 3 1 0 n ASSt'WDMf t ^/UOJSU* <£> 
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±y h ZWrtg-tZtcftlZ 1 5 5 0 nmCOE D F AWlYf* 
[0 0 0 3 ] 

fr&i/*7 b £ft,tc7 7"< (DSF) mVDMtfjfES: 

-r^i^jcag/c^. 4&s^-& ( 4 wm) \z£z>&iti: 

^«IS*t6 4^-ir*yHlliffS:j8S»»«r:JS»f £ 0 c 70 

osnttti. 1 9 9 4^7 £ 5 e^tTcory y #^rp. 

S5, 3 2 7, 5 1 6fO, WPI5)^7 7 -f^-^#A 

»Sii5WDMtttBS:ft«t5 0 
[0 0 0 4] tt'ilii^ilfcDSFMlt 

y #4#fftfilK#^0 8/ 1 9 9, 3 6 4. 1 9 
94^2^18 B ffilffi. ^1LTT^\ 4WM^^IJ 

[0 0 0 5] ia^#^^j^H^®b^^^T'fl^^^. x 
[ 0 0 0 6 ] 

[ 0 0 0 7 ] iES^-aEfi, DSFOWDM^i^M 

[ooo8] MflwiRff ^^u^*|pjea&tt % 

^5i^4i^WDMOBjffi4^fA(?)eiS:, J$ 

«9 D S F fcRI«fc«Hw»»7rW^-X-^fl6ffl*:* 
tf. 

[0 0 0 9] i>*>i^ L^j«6«dS|ftW* ix5 0 



#H§¥8 - 2 6 5 2 9 9 

4 

[0 0 10] [JBffi] 
WDM : iS«LfclHIB<D?-**/K fct x.fi^^BO 

[0011] ^--r^/U : r (Dmmn, WDMt V h<7)^- 
[0012] 2 + 2, 4 + 4, ^ : ^— ^r^^<--b^ 

te'X £ t> l fi^*fi)tt7r-f l^*^«fiFi- 
5 D ) 

[0013]»»: ±i:ttSo»»t»i68© 
#ifc<7>y -rami- J:6^%^^tL5<, ::i:«(7) 

fc* 5MR©tt«S:IHK fc*LTBB4>tttt 

[0014] WPi^^fC^T-f^^— : v^^t 1 A-COjSS 
"CI. 5 p s / n m- k 4 p s/nm-km^t* 

^l(0t^S^ 1 bO77'f^- rOffllgfi, 7 > 
y#<l#rF5, 3 2 7, 5 1 6(7)77^/^^31^^^ 

[0015] ft/J^»77^/<-: WPSO#1ft:7;r >f 
[0016] : Tfelf ^I§§(D^(7)7 r — fig 

y&Atf-f > h (7)^«7)7 r -^^-lEMIT'fcSo 
[0 0 17] > : 36««lK**fctt««[*jE 

[0018] v'^f^Stf : WDM^^ h /U<7) fa H {*) 
(I (tits W#t^ fti^IS^it*!*-^ h/U^SSffl 

rt(-) *S;h,61&flw^«aS*. a«rS*ff^fiH6Mlv'^ 
fAli, 1 5 5 0 nm^^7A-M«t5o 
^tL6'>^^^^, >y^7 ■ 7 7 ^^-(?)»l 3 10 

[0019] ^e-r /U->^t- A : 4 ft*/^WDM, 
2 . 5Gb/s (D/<— • ^^^/U • J±X 3 6 0 k 
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"rdt]) 1 <^#* L^*>^fA|j:- oJ£Jl±<7} 2 + 2 7 r 4 

04WM4«ftS:»»t5 0 ( 2 ft^/^'MWM« 

fi. D S F «toTWSE$tb6^. 118^7 7^^- 
0#»<7>*'<>ffittte^*^Ai6:S: (*5-£<b< 15 5 0 
nm) fl. 5ps/nin-kmJ^Tt"$)6o IW 

f t^wK7)«i/7.r -Mi. 1 . 2ps/ ' 

nm-km<?)5)^'7)7 7^^-^Mt5o ^ <£> «fc 5 ft SO 

mmisxTAt*. Ts/^u-K^sstfeSo way* 

5o ^[^co^ll^7t ^/^^fj:, 'X^t*! 1 ^ 

iim^^ur. 2 + 2 £H5fc-r5 0 

[0 0 2 1 ] #"-r=ry 2 : 2(0'>^fAtSl^ 
MRtefc-^X-SKf*, WDM*>^T^8fifl. 5ps 
/nm-km7^£>4 p s X n m - k m cO^xS Srd X. T I > 

*'X£t> — 37 7^^t-e, 3«*iRjeai*i^aii: ^ 

1-*o 5 *7 r -Y^-tt, 1 9 9 3^8^31P 

5Mt<OT* y ^7#FPm 5, 2 4 0, 4 8 8 \z x^x&m 

7 , ^U-F^tif:Htk :<D77^^-MLX 
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IB* ttfcv^^^ -Ml. stl® ^f-a ^Hftl^ 

#MfffiteCi^t|6o ^tL^lil 5 5 0 nmO 
^^yK!>t'Ifflf^rt^t*#T, EDFA^W 

13 10 n-m^SW««t-B)fPt5o 

[0022] teomta : K*Nc*iRi^rt- stt^i^-r*/^ 

3o^l^ft^^^iit^6^f^^)tt\ 4W 

^-±^<03X*I^ttttffoflE*JStt««pS<x6 0 I EE 
E h yW#^l5tI 1 v?7 6-7 9 

(1 9 9 3) MLtT^\ V • '<X&m £ 

77^^-^i:fc6«^^'>^rAt{t Pf^§<o£><5 

-efc. 4WMC J: 5^Mk^^+B*t^J-fi?»c^tbTV>5o 

— • :7T-f - ^^^/uco^oi: 3 ft— ^gc 
Mir ^^ftcogjfN- <£ 9 *#t^-r*A'|ia<OM 

It 4 WMliif {^ttSfiS'JWTtt^t^^-rfc^o f&^ib 

ii*D/Hfli«. #£*b/#*#i*. *b#im« 

«S*f^ay^ (OTDR) . *5J:^ «LT{l^-(0^3g 
[0 0 2 3 ] >^7" : ^< ^JS"C, ^^f^tttli/ 
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tL-5m-<07r^^-eiSIfil«7^J:6o ilHf Sfi 
3*12. 7r-<'<— 10, 1 1 ±i:i-t^Z(7)WDMf 

(Df-Y^^ll 7/^^12, 1 3 ±(Dmitl&5 iw^ 

14, 1 5 ±(D%Lim%*4&mZ> 0 tt\ZLte<*fcttfa<D^* 
*/H*. 77^^-16, 1 7±<OS<fS2S:i5o 

[0025] in 2 fi x ^*rpjtti#iiet&(D— oco^^:^^ 

2U«ffllT, tK>^2 4, 2 6 ^:^-^-25, 2 
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v^^-Mi, 4^ir*'MBif££:8H&1-6o ^ir^/^ f 

1, f 2, f 3, f 4^y^-!)~^$ti6tLt^ 
£jfx-t*5!?\ f K f 3 3&S — *|pjlce«BLX*5?) . f 

2, f 4^i<?)^^^giLt^6o -rv^ — y— 

IHtj^ U/c 2 + 2 C/^rAfj;4WM^^lE]iit6(7)t\ 
[0 0 2 6 ] 7 r — EWttT- 2 8. 2 9,3 0, 3 

fi«3 2, 3 3 <hi£ff^3 4, 3 5 t &<atfo mim&t 
U-</U(O^I*|HlSrf&^3 6. 3 7 (7)ffiffi(C X 9 , OTD 

[0027] iiAnx^Ji&^i^^u^im. wDMft 

B3<D.EI8&fi, /u* yV^fc^ir*/^«*«SL*|i 

%\\<Dtc#)\^ 2m<D 6 stf— 3 
9^^t6 0 v-^^A, 2 + 2. fi, mfiiei^^-v^ 
/Ml, f 3 <b , igit^fa^-r f 2 , f 4 Sr*r-f 
6 0 ii*D/«iJI»<0*l[-(fctt % ft^/Uf 3, f 4X~mft 

ztiZo f s&nmi.tz'&<DmftT\ 

l/-^-3 8(^/f-hp3IIilIU HiLT, sK— h 
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Id. ^- h p 2^P)MIT/K- h p 3 T^fSt- 
^ u-^- 3 9 l:A5 fl ^^0r/c(w^^^ix7tco-C, 
f =*-^ 'u — * — 3 9<DtK- h p 1 £iiLT^A 
£*lT, h p 2^'&Jj5Ctt£thX, f 1 £ £ fclJlsK 

tB* s . R^ipj^aitTbT^s^^*^ f 4raixi 

i^— ^r^. W — ^— OU" — U — ^— • ;K— h 2 , 5 iZ 

u-^-gq^— hp4 ldDi6: hfcXZ 5 0 
[0 0 2 8] H4T% WDM/U— * — 4 0,41 <7)£f 

/V2, 3<D h^7-f y?<DffitL%ffi^faxmM/Mffe-f 

*0 [0 0 2 9 ] i6*D/H"JI»«IBtt. iKS/i'-*-*:^*^ 

JBZ1-*0«J«A^ lI]5(7)^TM£ffl£*L<5 0 m^^tifcX b 
tc, f 1 ^fcJl f 3 ^■■r^/KO^i'ilxt. y^mn 

so<nfem\z.±<>x&to/m%k&x* z> 0 Mh77 

^ 2/^ CO^-^^/l^ f 2 ^fcte f 4 £H^"f*Lt>.. *4 v?- 
■EM 5 1 <p«6ffl{cJ:oXi6*D/HiJI»ds-C# 5 C 

*^«x.*< -rtt*e>*^\ ii*D<7)KS(i N otdrk 

[oo30]ID6(i, 8^-r^>/i-o. ftjy 

^tb^-T5 0 (a)- , (d), (e) &m&£tl 
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+ -C\ 4WM*ftlt J: 9 (tzbz-&, 

XyJ* (a) l^^T'f t-^^f 3. f 5, f 6, f 7 <D 

[0031] =f U l ->^^ A^Sb*fi> S 10^3 0 
^7AOifT^Sti$, 4^-^^/KO>t^rR]^ J fl 
y J* (a).) ^. 2+2W2o^:^y^-!i-y 
^tvfc^ilSc (^7A (b) ) , ®ymt5titz.mt& 
A (c) ) ^hb^^tL^o K"^^(^t5 4WM^ 

<k*>e><o«a*wtte*tt. s o%(o^-Y^/u{gffl^^s 

5. Rl — S*£A±*^ ^7A (b) <h (c) (7)2 + 2 gfi 
BO^ftl^^llfti: ioTM$n5o i/7^ (b) 
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[0032] ^7^A (d) £ (e) fi. 8 7 J r*;\'<DM 
* fitter fctf><7> 2ocopJI6^^-Y^^#J!9 ST** 

y hCD2 0%i^TT*^>5o 4WM*W s ?)0 6Sttx * 
(a) (O^^I^^^Mit^I^^iS^lRlO^-^a 

y^t5: t\z£^xi%mtsft>Z> 0 (d) ^ 

<5 2 0%£tfci£LT 8 0%(7)^n y hri>l£JB£*b-t^ 
6 0 (d) tD'J'fiO— o*fcttH*<D#l^TV^*t^ 

^py htt, fcittfOTDRi:ftfflt6:^ s t*# 



<5 C (e) (O^-^ii-f - yilL4Pi^ 

2o^e«^r6)tw*ti-6WDM-fe y h«r«Jt)«ILTl^ 

:^ifc$ 9 #7^ (e) fi]ffitr#^ 
-r^/u • ^ d 5/ hco 5 0%£fiJffi-r& o 
[0 0 3 31 Tfii, 4WM^bS:[Hl5gi-6fc«)l-*a* 

-^S<xfc»««rto^i*jttdsJt«*n5. y*h£ 
■ StLfc-fey h(C»-r5±«r«*. r E ffj : A^X 

r^/i- ^py ho|W$ (%) 0 r/p— ^ 

[0 0 3 4] 

[iii ] 

8 16 3 2 
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5 X 
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6.4% 2.1% 

47X47 134X134 

9 0 5 0 4 

17.8% 6.4% 

21X21 4 7X4,7 



BW 4 10 

Ef f. 1 0 0 % 8 0 

;V—<¥— 2X2 5 X 

[0 0 3 5] 3X*lpjea|(Ofc«)^^^.$tL6/i'-^ — 
^tf^rSjOv^x-Ml, 1 3 4 X 1 3 4 <7}/^— ^ — 

&3S£ S*t6^— ^ — «4 7 X 4 7tfc6c El 7 
IS, 2 1 X2 6ft*/^S 

f (O 2 1 X 2 1 O/l — ^—{2, 9. 4 n mO^^r^ h/l- 
««Sr&Ki:"r6. #*Li/*RM\ ^ £>380!#<&£ £ t 
oT^n^. Lfe fD.ragoneJ A*— (2. J . Li 
g h t w a v e ftffi, 1 9 8 9 7^3^ ^- ^ 
4 7 9 — 4 8 9 tClEiii^tLT^^o 
[0 0 3 6] ID 8 [3, fi§*<^ 2 IUSS4 — - 

5o SB — iift3s8 0. ^Wffli^WDMty 



4 6 2 5 3 

% 3 4.8% 12.6 % 

5 21X21 47X47 

2. *S*S3S8 3. WDMSf8S8 4^bMSil5. % 

5. *8*b»8 6, m^xnm^^^y^^^s 7. *tw 

WDM$fiS8 9^P>«SSil5. 20COiiAD 

f l±T*»l, f 2. f 3, f h77^ y 

^^fcftcaiti^o ig*D/»JI«0«tBS:»46^ir 
40 ^/u^«]!9 8lx.6fe^^Rg+j5 5 *P^tt"C^r, M^^Ih] 

[0 0 3 7 ] (219 (i. .^lSt6I^^y h !7 — ^ £^ 
"To M^9 0, 9UWDM§lf^9 2, 9 3^^ 
tt, i8^J:5l:i4ft^^^f-t^t^o if*S3§ 

9 4. 9 5, 9 6. 9 7(il^^*l6)T-*>9 . El 2 
W-C^TflBT-fc^o feB«««MBtt. fcfc;ttfttlA90>« 
VM-tfztblZ^ 9 9 9, 1 

0 0. 1 0 1 \^£<oXmfr£thZ> 0 £>i£*P/fiiJ|*-^ 
50 /Pf^i/^tl0 2fc'lW5tfc6, B^L^WO)* 
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"C\ — A* f 1 tRn^5\^<0^-^ f 4 

[0 0 3 8 ] <^A>/«£ !T£f£J UL*H- 6£ 

/HHNSL Lfc^oT^{f§gX^^^/u^P^l^fi2^{c:-r 
[0 0 3 9] iH<f^9 0(1. &to/m%k'?^^-7i'?~y- 

i©WJSt6f i t f 3i^-f-^tyt5t, 3#@ 

%?6DIh1^^ h77>f y ^<7> ft ft £: #J 0 81 "t\ S 

ft Site jE L < ififcn $ tt<fJttttf <c h ta \<\ HI* "S J: 

[0 0 4 0] HTOfltt, ^*|p|t^lpJO*«^»-r 

111 5 5 0 nmt*$)of: e ^ ^ £fi£"t" Z> ft ft \Z 4 

mni' — 'f-fcfemZtlfZ. f 1 = 1 5 5 4. Onm, 
f 2= 1 5 5 4. 8nm. f 3 = 1 5 5 5. 6 n nu 
It, f 4 = 1 5 5 6. 4 nm e 3i<OI nGa As P 
J}»*7^- Y'<y2 - u— 9 s — (D F B) t 1 B^Si 
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t 6 + »4 D F B ^ 4 d>o fc fc'ft fife 6 ) o 3K;fr[pjei£ 

cof-c, y-^te-r — y -^$*bfc*to 3 d b^?^ 

f 1 - f 3 t f 2- f 4&»LT»-&£tLfco 
^r^^MU, LiNb03Mach -Zhender^ 
■H6««r3iLT^»-CSEH>**tfc 0 2 23 - 

i ^ssnaafStr h • * h y -a^o 2 . scb/s 

BE Lfc c 

[0 0 4 1 ] 77^f — W^'^iSiSlte 100k mX&> 
oT. 0. 22dB/km^Wi^^t)ODSF^6 

^^c^n. na^rian 5 0 m 2 T'fe t) 1 5 5 1 . 
8nm^ifD^ixf:o EDFAH, 8dBmlt* 

[0042] 2^^*;u<D&m&mmwkmjjfa&mm 
^ . ^r^-iawte^srttja b^o 7 7 >f^-airft 

ft^^SSt 1 0 0%(D^£t<h. 0. 8nm. - 3d 
B^^«c^<h, 3 0 d BWlOBftf t^/H»*lt^ffi 

^BtgfOF^l 5 5 4. 0nm^:1 555. 6 n rn ^ 
77^^-0W : fPy^^^- 7^/l-^{IJ:oT, o 

SOfd&IXDlf AS5*cte 1 5 5 4. 8 nm^- Ml^lt 
2. 9dBT*^>"9. 1 5 5 6. 4 n m/K- HC^LTIi 

30 1. 8dBtt>ofc e Sfi8^b7 7'f^ -^i^^{f 

^^.v— ^ — ^riiLTOa^H 1 . 1 dBT'fco 
3t 0 77^^^6n^>^e : F-^MIfM 
-^3. u-^ — SriiL-C^H^fi. 2. OdBT-^o 

[0 0 4 3 ] ^^^77ii^f 0 K-^r^^^^n] 1 

0. ill, 3K*fi]tteiS*:ia 12. HI 1 3. HI 1 4 

[ 0 0 4 4 ] HI 1 0 y b 10 0km 

^ fci£t&03fc*^ h/t-^^-To (15 5 

4. 8nm) \Z ft-f Z>W>1l ® O^flJ&fi^T -v *^S: 

x<D^^^^^^r>^tzt #oa93ett3&s*i»T-*>6. m 

4^-^*^**e> 3^^^/K^fT< ^ #s 4WM4 

uttt^-r^z t\^x ^letfc^ mi i*i> 

5^ igf(7)l 5 5 4. 8 nm^ht^, 1 5 5 4. 8 n 
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[0045] MXfaemcDffe&z&M'tzt. m i 

2 (1 1554. 8n mf^r^*ty/t7 Lfc £ § O 
h/^0^t6 o ±<7>ft*lti\ 1 0 0 km^iUm 
OJll^r^}^ 1 5 5 4 . OnmM 5 5 5. 6 nm^^^ 

[0 0 4 6] 01 3 11, !X^r^^ • /l^O|£<7> 

h^^TF-to LzpL. 1 5 5 4. 8 nmM 55 

(1, 1 5 5 4. 0nm<tl 5 5 5. 6 n m -r -twu£r 

[0 0 4 7] 0 14 11, 1554. 8nm^l556. 20 
6 nmCD&nftffiZtltl^V^/l'&TF-to 1 5 5 4. 8 
nmfi^W^I- (O^Sll. 1 5 5 6. 4 n m 

fi, 4^^^/u<D>i-*lp)ai««-*tLT38±Lfco 
S5*fci6^£«»««0^*»]iStt. 1. 6dBtfco 

HJSSttfc 1 5 5 4. 8 nmft^M:»Ltli* 
[11] «-*[R]ir (2 + 2) ^oTl^l 

x^&m^fa'? 7 w^iDtfc6 9 ([Eissjix * 
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[0 2] 01(D^fA-ettfflt5;^T'S53K*|p) 

[03] u-^-t ^-mmfe^? >< 

[04] 0 3<7)ft#^T~£> 9 . If- — *;* u— * — £ i/N 5 

9 WDM;i — ? — frbMj&£tiZ>\B\&(Dmx~$>Z> 0 
[05] 0 3^04OiiiP/BiJ|»Offi*S:»ot 

[06] l^t^fr^-Y-twU<DfiJ9 ^T^xt^^-r^T' 

[07] 1 6 ^^^/^(DMJj^^^^T J±<Dtzlb<D. H 

[08] 2 igjCQ :7 T -r^— x 8^--^/K Ji^ft^ v-^ 
[09] 2m<0~7 T 4 . 8^-r^/K ^^[pJfOv-^ 

[0io] *«o4 a -e>i-*rpji:»^rt]wea6(z:*ti-5ffi 
[011] *«<o*-e>t*rfti:^*iB)^eiS^»i-6tB 
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